ABSTRACT Regulation of metallothionein gene ex pression by dietary zinc and the relationshipof dietaty zinc to nuclear zinc uptake was examined In growing rats. Zinc was fed at 5, 30 or 180 mg/kg, either In pelleted form for a 2-wk period (ad libitum) or for 2 h as a liquefiedpreparation(1 g In4 niL).Twohoursafter the oral dose, the intestine and liver took up more zinc than other tissues. Nuclei purified from liver, kidney and spleen accumulated substantial amounts of zinc and directly reflected the dietaty thic level within the 2-h feeding period. Nuclei from kidney accumulated the largest amount of dietary zinc within 2 h, accounting for up to 6.2% of the total nuclear zinc concentration. 
genes could also be regulated. In this report, we provide evidence for a relationship between dietary zinc and nuclear zinc, metallotbionein expression and the nuclear components that could be involved.
MATERIALS AND METHODS
Animals and diets. Male Sprague-Dawley rats (Harlan Sprague Dawley, Indianapolis, 114),weighing 210 Â± 11 g (SD)at the end of these experiments, were housed as described previously (9) . A dosed-formula diet (Research Diets, New Brunswick, NJ) was based on the AIN-76A formulation (11, 12) as described in detail previously (9) . Composition of the mineral mix was adjusted so that the diet contained copper as cupnc carbonate at 6 mg/kg, and zinc as zinc car bonate at 5, 30 or 180 mgJkg (9) . The purified diet was fed ad libitum with deionized water for either 2 d or 2 wk. Purified diets used for short-term feeding experi ments were liquefied with a Polytron homogenizer to obtain a 25% (wt/v) suspension (13) . 65ZnC12was added at 3.7 x lO@ kB@J4mL of suspension to obtain labeled diet for oral administration. Anesthesia for oral dosing was Metofane (Pitman-Moore, Wash ington Crossing, NJ) given via inhalation, whereas that for portal @Th administration was with sodium pentobarbital (65 mg/kg, intraperitoneal). Care and treatment of experimental snim@1@received prior in stitution approval and followed recommended guide lines (14) . mg Zn/kg (ii -3 per group). The rats were killed 2 h later. For some of the oral feeding experiments the diet was labeled by addition of @Znas described above (n â€" 7â€"8 rats per group).
Materials. T4 polynucleotide kinase was purchased
Tissues were immediately excised and processed in all experiments. For @Zn-labeled rats, representative tissue samples were obtained. These were measured for @Zn radioactivity with a gsmm@ray spectrometry at 10% efficiency (15). Total organ radioactivity was calculated from body composition data (16) as previ ously described (15). Data for this and subsequent labeling experiments were expressed on a nmol Zn basis using the specific activity of the labeled diet preparation.
Nudei were purified from live; kidney and spleen following a procedure modified from that of Lamers The fiiial extract was stored at â€"70C. The appropriate @Th-cont@ining peaks were sepa rately pooled and applied to columns (0.7 x 16 cm) of Heparin-Sepharose CL-6B. Elution was as step gra dients from 0.1 to 1.0 mol/L KC1 (25) . All fractions were measured for @Zncontent as above and ab sorbance at 280 nm was determined.
Western blotting was with multiple mtrocellulose membranes. A 500-gL aliquot of each fraction from the Heparin-Sepharose chromatography was applied to the membranes using a dot-blotting apparatus. were performed on some data to achieve homogeneity of variances prior to analysis.
The Statistical Analysis System was used (29).

RESULTS
The Northern blot shown in Figure 1 shows that probably reflect altered transcription in response to differences in zinc intake, the nuclear zinc content was measured in some tissues to correlate nudear zinc levels to the apparent changes in transcription.
As shown in Table 1 , no differences were observed as a function of zinc intake for liver or kidney. Nudei from spleen had a higher zinc concentration when the 5 mg Zn/kg diet was fed. This suggests that dietary intake does not markedly affect the total nuclear zinc pool, as might be expected.
Although the total nuclear zinc content is not in fluenced by dietary zinc, a portion of the zinc (as â€˜5Th) that enters the nudeus from the dietary supply could be chimneled into specific sign@llin@g modes. To ex plore this possibility, the flow of zinc from the extrin sically labeled dietary source was monitored with â€˜@Zn. Diet labeled with â€˜@Zn was fed by stomach tube and the distribution of radioactivity was measured 2 h later. From the specific activity of the dietary â€˜@Zn, the molar amount of dietary zinc transferred to the tissues in 2 h could be calculated. As shown in Table 2, the intestine contained the largest portion of di etary â€˜5Th, followed by liver, bone marrow, bone, skin, kidney, serum and thymus. In each case, there was a significant direct correlation between dietary intake level and labeled diet recovered. It is of interest that the bone marrow and bone collectively account for such a large portion of 63Thtaken up from the diet within this 2-h feeding period. To our knowledge, the It was reasoned that the amount of zinc taken up by nuclei in the 2-h feeding period could be sufficient to affect changes in metallothionein expression. As shown by the Northern analysis of total RNA in Figure 3 , there was a differential in metaliothionein mRNA levels within 2 h after the diet was fed. The most dramatic difference in expression occurred in the intestine.
Nevertheless, differences in expression, particularly in liver and kidney, were also evident. As shown in Figure 4 , metallotbionein-1 mRNA seemed to be more abundant in the intestine. Metallothionein-l and -2 mRNA levels were fairly 5imilar in the liver or kidney. This is in contrast to our findings with a longer feeding period (Fig. 1) . TABLE 4   TABLE 3 Nuclear zinc de4ved fran dietary zinc@ â€˜Ratswere fed 1 g of purified diet with 5, 30 or 180 mg Zn/kg containing 65Zn as described in Table 2 . After 2 h, nuclei were purified from liver, kidney and spleen, @Zn and DNA were mea sured and the amount of zinc taken up was CalCUlated based upon the specific activity of the diet. â€˜Ratswere fed 30 mg Zn/kg for 2 wk as described in Table 1, then the total zinc concentration of purified nuclei was measured.
Nudear zinc dedved from dletazy iJac within 2 h as a mass fnictinu of total nuclear zbS
Other rats were fed 1 g of purified diet with 5, 30 or 180 mg Zn/kg containing â€˜@741 for 2 b, as described in Table 3 , to determine the nuclear zinc that was obtained from the diet. @Va1ues are the fraction of dietary zinc uptake by nuclei derived via CalCulatiOn from data presented in Table 1 and Table 3 blotted onto mtrocellulose membranes to preparetwo identical blots. Western blotting with â€˜Â°@Cd was used to detect Cd binding sites with one membrane. â€˜Â°@Cd was used for three reasons: 1) â€˜Â°@Cd will displace â€˜@Th on metal binding sites in vitro, 2) it has a higher specific activity than â€˜@Zn, and 3) the nudear factor responsible for metallothionein gene transcription should also bind cadmium because this metal is a more potent inducer of expression than is zinc (4, 5). tured cells by electrophoresis, and subsequent de tection of DNA-binding proteins specific for MRE using band shift assays, has been the usual approach taken. These studies have produced estimates of a molecular weight for the factor of 39 kDa (32) and 108 kDa (33) . Some fractionation of proteins from nuclear extracts by Heparmn-Sepharose, DEAE cellulose and DNA affinity chromatography have produced an MRE-specific nuclear protein with a molecular weight of 74 kDa (27 form, and that it does so in some proportionality to dietary intake levels. Furthermore, evidence is pre sented that the newly acquired zinc binds to nuclear factors that can be separated by chromatographic techniques, and that one of the zinc-binding fractions also seems to bind one of the known MRE sequences.
The next step in characterization of this factor and its interaction with dietary zinc will involve preparation of large amounts of cellular extract, and will require the evolution of more highly refined and sensitive techniques of detection and analysis. 
B.
C. shown by the arrow in Figure 6 .
for the role of the MRE in metallothionein gene tan scription dictates that an interaction occurs between the inducing metal and a specific trans-acting nudear factor that, through altered conformation, recognizes the MREsequence and participates in the initiation of transcription.
Using this theoretical framework, we developed a hypothesis wherein the dietary zinc intake level would be reflected as slight differences in the plasma zinc concentrations that, in turn, would influence the intracellular zinc pool sufficiently to 
